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Foreword

Tradable pollution rights have been intensively studied in the literature of
environmental economics. But the problems of environmental policy appli-
cation have not yet been analysed from an accounting point of view. The
paper highlights three different aspects of accounting, both at the level of the
business firm and the national economic level, that must be considered for a
complete analysis. It turns out that the policy instrumentation of tradable pol-
lution rights has (accounting) consequences far beyond those usually discussed
in the economics and related literature.

The study was originally undertaken as part of a planned project on Cana-
dian environmental policy. Harry Postner is a senior rescarcher with the
Economic Council of Canada.

Judith Maxwell
Chairman



A Introduction

Economic activity ultimately involves the removal of materials and other
elements from the environment, their transformation by production and con-
sumption, and their eventual return to the environment. Resource economics
is concerned with problems relating to the removal of material elements from
the environment. On the other hand, environmental economics is concemed
with problems related to the return of transformed materials to the environ-
ment. Environment deterioration occurs when the material returns, transformed
into various types of pollution and other residuals, exceed the natural absorp-
tive capacity of the environment.!

This paper is an exercise in environmental economics. We are esscntially
interested in the problems of cnvironmental deterioration and in the formula-
tion of environmental policy to prevent such deterioration and restore appro-
priate environmental quality standards. Within this context, the paper mainly
focuses on one particular environmental policy instrument — marketable (or
tradable) pollution rights (or permits). This policy instrument is of special
interest to Canadians since the conceptual idea behind marketable pollution
rights was first analysed by the Canadian economic historian John Dales
[1968a and 19685b]. Since its original conception, the idea has become widely
known and subject to considerable empirical testing and theoretical refine-
ment. The next section of this paper, section B, will offer a brief review of
the extensive literature on the subject so that the paper could be reasonably
self-contained. References are given for readers interested in further detail,
particularly with respect to the question of market incentives.

The main thrust of the paper, however, can be found in the next three sec-
tions. The emphasis is on problems of environmental policy application with
respect to marketable pollution permits (other instruments are also mentioned).
But the problems dealt with in these sections are largely original and are not
the ones to be found in the conventional literature. The three sections C, D,
and E, all have one major theme in common: an accounting point of view. It
will be seen that there are different aspects of accounting to be considered if
a policy instrument analysis of, for example, marketable permits is to be com-
plete.

Section C considers a range of (micro) accounting problems at the level of
the firm. A new literature on this subject is just beginning to develop via the
establishment of environmental accountability standards. But there are still
many open questions. The problems in this section are also related to some
considerations of public-sector environmental infrastructures that are now
receiving increased attention. In section D we take a slightly different account-
ing approach and consider the “unique” connection between marketable pol-
lution permits and their potential property as a sort of financial instrument
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for risk diversification and hedging. Indeed, it is even possible to consider
the establishment of markets for trading in pollution permit futures, options,
and options on futures! And all this must be “correctly” accounted for. The
next section E tums to recent activities in the field of (macro) national envi-
ronmental accounting. It tumns out that this field is currently isolated from
the more micro-accounting problems considered in sections C and D. In fact,
national environmental accounting is even largely isolated from most con-
siderations of design of environmental policy instrumentation. We try to show
that a new approach featuring some cross fertilizations is long overdue. This
leads naturally to a conclusion in section F with emphasis on some directions
for future research. The pervasive influence of John Dales is once again evi-
dent in the conclusion.

Finally, it might be noted that this paper is essentially non-technical in ori-
entation. The reader, though, is assumed to have some general knowledge of
environmental economics, but not necessarily any knowledge of the various
aspects of environmental accounting. The treatment of the overall subject
matter is somewhat brief and introductory; some of the rcquirements for a
more complete treatment are outlined in the final section F.

B Pollution Property Rights with Market Incentives

This particular section does not contain any material that cannot be found
in the available literature. We merely survey the economic concepts and theory
behind the environmental policy instrument — marketable pollution permits.
The general idea is to provide essential background to the innovative and
original conceptions found in the remaining sections of the paper. Before con-
tinuing, it might be noted that marketable pollution permits are sometimes
referred to as pollution property rights (with market incentives); the two con-
ceptions are meant to be synonymous in this paper.

In effect, the simplest form of environmental policy instrument is the (non-
transferable) pollution permit, the terms of which embody and regulate limi-
tations on pollution discharge to the environment. It is well known in the
theoretical literature that quantitative limitations via pollution permits per se
are not a cost-efficient means of controlling environmental deterioration (see,
for example, Baumol and Oates [1988]). But it is also possible to create a
sitwaton in which prices are attached to pollution discharge permits by a sort
of decentralized, market-like process. In this case, pollution permits are al-
lowed to be tradable among interested parties at commonly agreed market
prices (assuming that the supply of permits is sufficiently constrained so that
the total permit supply would be less than the total potential demand at zero
prices).
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So the limited quantity of pollution permits limited by a regulatory body is
ultimately allocated through an artificial market process. If a business firm
leams that it can abate pollution at a cost lower than the market price of the
permits, then the firm will seil its pollution rights to another polluter, whose
potential abatement costs are greater than the market price of permits. The
sale and purchase of pollution rights will continue until the marginal costs of
pollution abatement are equalized across all firms - and equal to the final
market price of the pollution rights. The economic cost-efficiency of an en-
vironmental policy design based on the incentives offered by marketable pol-
lution permits then follows (see, for further details, Bohm and Russell [1985]
and QOates [1990] among others).

To further motivate our intcrest in this particular policy instrument, some
additional points can be made. By specifying the total quantity (or supply) of
tolerable pollution permits, environmental quality is presumably “guaranteed”
(see also the discussion in section F). But a price is charged for using the
environment as a pollution receptor, and the public regulatory officials need
not worry about whether the price is “too high” or “too low” for the particu-
lar pollution permits involved. The regulatory body only has to set pollution
quantity (or, equivalently, environmental quality) targets for different envi-
ronmental systems. Once these targets are specified, the market process will
eventually find the correct relative prices. In effect, trading will occur until a
set of equilibrium prices for pollution rights is found such that demand equals
supply for each type of pollution permit rights.

It should be recognized, though, that the above description overlooks many
practical problems such as: initial distribution of pollution rights, delineation
of environment regional systems, complementarity of demand, duration of
pollution rights, monopolistic (and monopsonistic) market rading practices,
and the existence of increasing (rather than decreasing) returns to scale in the
firms’ pollution abatement cost schedules. There are also problems of speci-
fying the conditions under which the “final” equilibrium allocation of pollu-
tion abatement costs (and pollution permits) corresponds with a generally ac-
cepted Polluter Pays Principle (PPP). These issues are well discussed in such
references as: Hahn [1990], Pezzy [1988], Tietenberg [1985], and Dewees
[1980].

Nevertheless, theoretically speaking, a competitive equilibrium in the pol-
lution permits market is supposed to lead to an allocatively efficient outcome.
The dynamics of the outcome are also favourable since with a generally ris-
ing price level and new additional sources of environmental pollution from
economic growth, the market price of pollution permits will accommodat-
ingly rise to clear the market as a result of excess demand (assuming fixed
supply of permits). As the price of pollution permits rise, it will be efficient
for existing dischargers to further abate their pollution, thus making room
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for newcomers. No additional regulatory measures are required to maintain
environmental quality standards.

Finally, when pollution permits are initially distributed without charge to
existing sources who are then free to trade permits among themselves or to
sell to new sources (or even hoard the permits for future use), this is tanta-
mount to the creation of a valuable asser. We will see, however, that the asset
must be correctly accounted for. The existence of such an asset also has im-
portant implications.

C Environmental Accounting Problems at the
Firm Level

The environmental problems dealt with in this paper presuppose that pol-
lution sources originate with the industrial firm. The firm may be privately
owned or publicly owned (i.e., a public corporation). In either case, it is
assumed that the “firm” is subject to a set of business accounting standards.
Therefore, we are not concerned in this paper with environmental policy in-
strumentation directed towards the household sector of the economy. The
household sector typically does not possess formal accounting records and
so is not subject to accounting rules or regulations. It might be possible, nev-
ertheless, to apply, for example, marketable pollution permits at the house-
hold level. But the theoretical ratonale of this instrument tends to break down
because households’ economic activities lie outside the formally recognized
production boundary: there is no counterpart of the firms’ pollution abate-
ment cost schedules. However, some future research possibilities with respect
1o the household sector are mentioned in the paper’s final section.

Business accounting standards regulate the rules by which income state-
ments and balance sheets of the nation’s major corporations are drawn up. In
particular, the rules have a quasi-legislative effect on how financial reports
to shareholders and the general public are prepared and how taxation reports
to governments are compiled. So the economic behaviour of the large busi-
ness and government firms is influenced by the accounting rules of the game.
Any official regulatory policy designed to change the behaviour of these firms
must, therefore, be formulated in the light of the accounting rules. But these
accounting standards (or rules) are themselves subject to change, particularly
if the related accounting issues are relatively new and not yet fixed. This,
indeed, is the situation today with respect to accounting standards related to
the environment. In Canada, business accounting standards are predominantly
regulated by the Canadian Institute of Chartered Accountants (CICA). We
will now show the relevance of these background considerations to the main
themes of this paper.
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In Canada and other industrial nations, accounting standards at the level of
the firm with respect to environmental policy instruments are evidently still
in a state of flux. Consider, again, the policy instrument discussed in section B,
namely, “marketable pollution permits.” The accounting questions posed in
the following paragraphs are still open.

Should the business firm regard the purchase of marketable pollution per-
mits as a current expense or as a capital asset investment subject to “depre-
ciation” over the lifetime duration of the permit? (The choice could affect
the firm’s reported accounting costs and profits per unit of accounting time
period.) If the pollution rights are initially distributed to existing firms with-
out charge, should this distribution be accounted for as a current transfer or
as a capital ransfer? In the latter cases, tradable pollution rights become a
capital asset of the firm. Does the market value of the permits offset the ex-
pected decrease in share values shown on accounting balance sheets that re-
sult from the imposition of pollution controls and the cost of the firm'’s pol-
lution abatement program? How can all this be translated into the accounting
language of “double-entry bookkeeping”? There are other questions too.

When these permits are sold or leased out by the firm, prior to expiration,
should the net proceeds be regarded as an operating profit or as a realized
capital gain?? Should these respective net proceeds be subject to tax in a dif-
ferential way? If a firm’s pollution permits are neither sold nor officially uti-
lized (to permit pollution), but are rather “banked” or *hoarded” as, say, in-
tangible capital assets, then how should we account for realizable capital gains
(or losses) with respect to these assets? Clearly the choice of appropriate busi-
ness accounting standards will influence business firm behaviour and, there-
fore, partly determine the cost-efficiency of the environmental policy instru-
ment. But in all the literature analysing the potential efficiency properties of
marketable pollution permits, there is very little substantive discussion of the
environmental accounting standards at the level of the firm. And, based on
our inquiries and knowledge, CICA has not yet formulated or proposed pre-
cise accounting standards with respect to these matters.

A reading of the applied literature on environmental policy instruments,
particularly those featuring market incentives (e.g., Tietenberg [1990], Bohm
and Russell [1985], Pezzy [1988] and Hahn [1989]), leads to the following
implications. There appears to be considerable economic hesitation and un-
certainty with respect to the implementation and real impact of these instru-
ments. (The range of policy insouments includes “liability insurance schemes,”
“deposit-refund systems,” and so-called “performance bonds” as well as “mar-
ketable pollution permits.”) The present writer suspects that a large part of
this hesitation and uncertainty could be removed once the business account-
ing rules of the game have been established and standardized. The new stand-
ards would need to encompass, for example, both intranational trading and
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leasing in pollution permits and international trading. The stakes are poten-
tially large and global. The new accounting rules would need to have suffi-
cient depth in order to cover the many different varieties of particular envi-
ronmental policy instruments such as marketable pollution permits. This is,
however, what business accounting standards boards have been set up to do.
Their corresponding institutions, such as CICA, are always open to informed
analysis and recommendations from both impartial and vested-interested
parties.

There is, however, another branch of environmental accounting at the firm
level where some literature has developed and where some steps have been
taken towards the establishment of accounting standards. This branch is not
directly related to environmental policy instruments per se and so will be dis-
cussed rather briefly. The branch might more accurately be described as one
of environmental accountability.

The general idea here is to extend the financial reporting statements of busi-
ness (and public-sector) firms so as to have a more explicit disclosure of the
firms’ environmental abatement and control expenditures and environmental
risk impacts. The expenditures are meant to cover both operating and capital
costs (with an appropriate distinction) and to include both waste removal and
site restoration costs. The environmental risk impacts involve the recording
of actual and contingent liabilities for environmental damage and the setting
up of financial provisions and catastrophe reserves. There are also suggested
accounting disclosure requirements with respect to insurance against the con-
sequences of environmental damage. In effect there is an accounting move-
ment towards disclosing the environmental externalities of production and
investment in addition to the standard economic transactions (an idea first
proposed in Estes [1972]).

Discussion and analysis of the above issues from the accountability view-
point are currently concentrated at the United Nations Centre on Transnational
Corporations as seen in United Nations Intemational Accounting and Report-
ing Issues [1991]. Canada has been represented at these deliberations by CICA
and other Canadian accounting bodies. But the deliberations are still at an
early stage. Precise accountability standards have not yet been formulated
according to the most recent available reports.?

Trends described in the preceding paragraph have two major implications.
An explicit disclosure of the firms’ environmental expenditures on abatement
and control will aid regulatory authorities in determining the cost-effectiveness
of the various environmental policy instruments. For example, marketable
pollution permits offer the highest gains in economic efficiency when there
are large differentials between the firms’ (marginal) abatement cost sched-
ules. The disclosure of environmental risk impacts alerts the regulatory
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officials to the need for new applications of policy instruments and the iden-
tification of new problem areas. The second major implication is simply that
the appropriate extension of accountability reporting standards, as outlined
above, will help furnish the raw data for the special environmental survey on
pollution abatement and control expenditures that Statistics Canada is just
beginning to perform (see Statistics Canada [1990a]).

Finally, it might be noted that Statistics Canada is also performing a pio-
neering survey of the Canadian waste management sector. The survey evi-
dently covers both the private and public aspects of the sector (see Statistics
Canada [19905]). Public waste management activities in Canada are largely
the responsibility of the municipalities and financially account for both oper-
atng costs and capital investment expenditures. The survey includes the waste
collection, disposal (haulage and sewerage), incincration, treatment plants,
and recycling activities of the municipalities. CICA has recenty [1989] sug-
gested some accounting definitions and standards with respect to expendi-
tures and budgeting of public capital infrastructure that can be usefully ex-
ploited in this connection. We will be hearing much more in the future about
investment in public environmental infrastructure and its appropriate treat-
ment in capital budget accounts of the various Canadian public sectors. Hence
the need for some synthesis of: public-sector accounting, economics, and sta-
tistics, when attempting to apply environmental policy.

D Accounting for Tradable (Pollution) Rights as a
Hedging Instrument

The description of the tradable-rights approach to environmental policy,
given in the previous section B, is incomplete. The purpose of this section,
then, is to complete the discussion with emphasis on some unique economic
characteristics of and opportunities provided by that policy instrument; char-
acteristics and opportunities that are often overlooked. Once this is done, we
could again turn to our particular interest in accounting problems of applica-
tion, some of which are analogous to those of the “new financial instruments”
as in OECD [1988] and [1991].

In section B it was essentially assumed that pollution rights (or permits)
are initially distributed to existing sources of industrial pollution and are then
tradable among these sources. There was no need to specify the particular
distribution scheme {(e.g., “grandfathering”). But it was mentioned that newly
arriving industrial polluters would be capable of purchasing part of the origi-
nal allocation of permits from existing pollution sources at the appropriate
market price. There are, however, a number of additional features to tradable
pollution rights that must be considered. These features have important con-
sequences.
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First, there is a key role to be played by purely arbitrage activities. Market-
making entrepreneurs can engage in buying permits from one firm in order
to sell to another firm when profitable (nonequilibrium) opportunities exist.
Indeed, arbitrage entrepreneurs may even speculate on future price spreads -
buying now to sell later, or selling now (in effect, borrowing now) in order to
buy later at a lower price, and so on.

Second, it is perfectly possible for the tradable pollution rights scheme to
embody a mechanism whereby (additional) pollution rights might be created
or “earned” as a result of undertaking economic activities that actually reduce
pollution levels below the quantitative targets set by regulatory bodies. (For
example, reforestation reduces carbon levels in the atmosphere.) The eco-
nomic activity would then be profitable if the market value of the “earned”
permits exceeds the cost of the original project.

The third feature missing from our previous discussion involves innova-
tion and the changing state of technology. The equilibrium market price of
pollution permits reflects inter alia the pollution abatement cost schedules of
the various polluting firms; these cost schedules depend on the technology
used by the firms and their input-output mix. So the introduction of new in-
dustrial processes or new pollution abatement technologies will have profound
effects on the demand (and even supply) for pollution permits and their cor-
responding market prices. The market for pollution rights should be analysed
in a dynamic context and in the light of various risk elements involved.

Putting the three features together exposes some special properties inher-
ent in the environmental policy instrument with which we are concerned. Note
that the respective roles of “new technology makers” and “new permit crea-
tors” are somewhat analogous to those of the “entrepreneurial market makers.”
Indeed, the true environmental entrepreneur might successfully combine all
three roles. Also note that viewing marketable pollution permits in this dy-
namic and, in fact, speculative context serves to countervail claims in the
literature (e.g., Dewees [1990]) that the active market for such permits might
be too thin to obtain ultimate cost-effectiveness of the policy instrument.

With this background, we now arrive at the key argument of this section
(see also Epstein and Gupta [1990]). Entrepreneurial activities that involve
investment in new environmentally related technologies and innovations (e.g.,
reforestation, solar energy) also embody large elements of risk. Therefore, a
hedging mechanism is desirable (i.e., a means for diversifying risk associated
with the investment). The basic advantage of marketable pollution permits,
say over other environmental policy instruments, is precisely the fact that
such permits are themselves an instrument for diversifying risk and encour-
aging potential environmental-benefiting innovation. The prime reason for
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this advantage is that the market price for pollution permits will be negatively
correlated over time with the success of related new technologies that reduce
or evade pollution.

The existence of an active and accessible market for pollution permits will
encourage the risk averse to seek out and exploit new technologies that might
benefit the environment. The investor in new environmental technology could
diversify her portfolio by purchasing environmentally related pollution per-
mits, thus hedging the risk of failure of the new technology while, at the same
time, maintaining attractive expected rates of return. If the new technology
proves to be economically successful in circumventing pollution, then the
market price of the existing related pollution rights will fall; if the new tech-
nology fails, then the market price of related pollution rights will rise. So the
investor can benefit from appropriate risk diversification - a standard result
of the portfolio literature (e.g., Markowitz {1959]). We do not claim that mar-
ketable permits are the only possible source of hedging, but rather that the
policy instrument is a tailor-made guaranteed hedging device that does not
require the expenditure of extensive search resources in order to identify such
a device.

So the liquidity and ease of entry and exit into markets for pollution rights
encourage innovative investment in environmentally related technologies that,
by themselves, are risky activities. Marketable pollution permits have a fur-
ther advantage of “detachability.” The enterprise actually undertaking the
development of new technology need not itself corporatively hedge the ex-
posure to risk (as explained in a special case by Epstein and Gupta [1990]).
Rather each set of investors (or stakeholders) in the enterprise can choose the
degree of hedging to suit the investors’ own appetite for risk. But in all cases
of at least some risk aversion, the appropriately related pollution-permit mar-
ket will serve as the optimal source of hedging instrument, as well as an opti-
mal choice of environmental policy instrument.

It should now be clear that the market for pollution permits contains many
participants other than the original industrial firms receiving the initial allot-
ment of permits. The limited property rights to pollute the environment are
bought and sold (or even created) by parties outside the circle of industriai
firms directly or indirectly responsible for the emission of pollution (and, there-
fore, outside the circle of firms that actually expend the pollution permits).
This, in effect, means that the accounting problems discussed in the previous
section are only part of the story, since their application is restricted to the
original industrial firms. Moreover, the nature of the accounting problems
previously discussed is also only partly relevant. We have discovered in the
present section that tradable pollution rights are not only an environmental
policy instrument, but are also a financial hedging instrument to entrepre-
neurial market-makers and to entrepreneurial investors in environmentally
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related new technology. All this raises a corresponding new set of account-
ing problems which will be more evident as pollution permits become trad-
able on national commodity exchange markets (as in The New York Times
[1991]). One might say that John Dales’ original conception [1968a and b} is
being carried to its logical conclusion!

If tradable permits are regarded, by market participants, as a financial hedg-
ing instrument, then their accountability and disclosure in the participants’
‘ financial reporting statements are problems directly analogous to those al-
ready discussed in the literature with respect to the so-called “new financial
instruments.” A good introduction to the scope of the discussion can be found
in OECD (1988} and (1991]. It should be noted, however, that precise ac-
| counting standards with respect to these instruments have not yet been for-
‘ mulated. Similarly, there has been some discussion of the incorporation of
the “new financial instruments” into the capital finance accounts and balance
sheets of national economic accounts (see United Nations [1990c¢]). But again,
definitional and classification matters have not yet been settled.

Finally, once it recognized that tradable pollution rights can be deployed
as a hedging instrument, then the path is open to further extensions. It is easy
to imagine the establishment of markets for trading in pollution permit futures,
options, and even options on futures. (See again The New York Times [1991]).
The techniques of “calls,” “puts,” and various combinations of these with
“futures” on the underlying prices of pollution permits, are all potentally ap-
plicable. There is already a rich economic literature on arbitrage relationships,
option pricing formulae (e.g., the Black-Scholes formula), and the institu-
tional particulars of related markets. What is missing today are appropriate
accounting standards so that available financial statements would provide a
“complete and fair view” of the financial position of the business parties in-
volved.*

E A New Approach to National Environmental
Accounting: Preliminary Proposal

The purpose of this section is to relate the developments outlined in the
previous sections o some current activities in the new field of national envi-
ronmental accounting. The latter field is far from settled and is not unlike the
state of national economic accounting some 50 years ago. For the purposes
of this paper we take national environmental accounting to mean the summa-
tion of research activities now directed towards incorporating or integrating
natural environmental considerations with the economic and financial con-
siderations that now characterize conventional national accounts.
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It should be noted that conventional approaches to economic accounts
already do embody some natural environmental factors (e.g., in the drawing
up of national balance sheets and related reconciliation accounts). But the
embodied scope is significantly limited. Also the utilization of the term “in-
tegrating,” as above, does not necessarily imply a complete formal integra-
tion of environmental matters with economic transactions. Qur understand-
ing of national environmental accounting includes the preparation of
environmental satellite accounts as reflected in the UN Manual on Satellite
Accounts [1990a]. But we do not necessarily rule out the eventual imple-
mentation of a fully integrated accounting system as proposed in the forth-
coming UN Handbook on Environmental Accounting [19905].

The main argument put forth in this section is that some key issues or
dilemmas [Norgaard 1989] related to the field of national environmental ac-
counting could be clarified and, perhaps, resolved by adopting a new approach,
namely, a policy-oriented approach, to the methodological discussions that
now characterize the field. In particular, national environmental accounting
scems evidently isolated from the rich literature relating to choice of envi-
ronmental policy instruments and their implementation. This is evident from
the lack of references to that literature in, for example, the official UN publi-
cations and official proceedings at the recent International Conference on
Environmental Accounting held in Baden, Austria, May 1991. It is this writ-
er’s considered impression that the resolution of outstanding technical issues
in the field of national economic accounting was aided by adopting a policy-
oriented, indeed a Keynesian, point of view (see Carson {1975]). The same
or a similar analogy may hold today with respect to resolution of issues within
national environmental accounting. We will now proceed with preliminary
proposals for a new approach to national environmental accounting.

There are presently available a large collection of physical measures of en-
vironmental statistics and corresponding indicators of environmental quality.
A good survey of the subject from a Canadian viewpoint is provided by Victor
[1989] who distinguishes between four main components of environmental
indicators: global, continental, national, and local. Each component has a wide
array of appropriate subcomponents. What is missing from all this is the pos-
sibility of analogy with the traditional economic indicators: there is no over-
all “state of the environment” indicator or set of indicators aggregating and
summarizing environmental conditions as a whole. The Victor [1989] paper
conjectures that this discrepancy might be due to the lack of a theory of the
environment as a system: the understanding of environmental systems is evi-
dently primitive compared to the theory of the functoning of economic sys-
tems that underlie the success of aggregate economic indicators. The aggre-
gation of economic indicators into a “state of the economy” statistic, as seen
in the national economic account’s GDP (gross domestic product) and GDW
(gross domestic wealth), is ultimately based on valuation weights stemming
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from observed “market prices.” There are also valuation assumptions and
imputations when market prices are not available and considerable contro-
versy about the “functioning” of the economy.

All this raises the question as to whether physical environmental quality
indicators can also be aggregated to provide a summary statistic (or statis-
tics) of the state of the environment. And if the aggregation weights have a
monetary valuation dimension, then the path is open to a significant integra-
tion of national economic accounting and national environmental account-
ing. Although some work along these lines has been suggested (see, for
example, United Nations [1990b] and Harrison {1989]), we will now outline
an approach that has not yet been investigated and that appears to have some
potential value. The approach builds upon the special economic properties of
the environmental policy instrument “marketable pollution permits.”

Suppose that the collection of environmental indicator components (say,
those recommended by Victor [1989]) are each regulated by a comprehen-
sive system of marketable pollution permits. (The feasibility of such a sys-
tem will be examined shortly.) For every such application of these pollution
permits there will be a set of equilibrium prices to establish the “property
rights” for permitting various types of pollution. The equilibrium prices are
attained by a sort of market arbitrage process mentioned in the previous
sections B and D of this paper. Some further characteristics of the “market
prices” are mentioned later in this section. The market prices for pollution
permits then represent a valuation of property rights to, say, “make air and
water dirty.” However, for our purposes we would need a valuation of prop-
erty rights to, say, “clean air and water” and to, say, “quiet surroundings”
(the counterpart of “congestion” and “noise pollution™). These are, in fact,
“amenity rights” first introduced by Mishan {1967]. Clearly the two systems
of “rights,” pollution rights and amenity rights, must be closely related since
the fewer the rights that are granted to pollute and congest the environment,
the cleaner and quieter the environment will be (a point made by Dales
[1968b]).

In effect, “amenity rights” are the dual form® of “pollution rights.” So
every set of market equilibrium prices for pollution rights, there must be a
corresponding dual (or shadow) set of prices for amenity rights. If we know
or observe a comprehensive set of market prices for pollution rights, then we
should also be able to estimate a comprehensive set of “shadow” prices for
environmental amenity rights.® The two sets of prices, one being the dual
form of the other, are the economic substance of standard welfare economics
as is evident from an exchange of ideas in the literature between Stone [1972]
and Meade {1973]. The resulting equilibrium set of prices for amenity rights
then yields the valuation coefficients (i.e., the weights) required 1o aggregate
environmental quality indicators of the type discussed by Victor {1989] and
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others. Note the analogy with the market prices used to value and aggregate
economic indicators; these are market prices for economic “goods,” not eco-
nomic “bads.” So, similarly, we would want valuation prices and weights for
environmental “amenities,” not environmental “disamenities.” And these valu-
aton prices are not necessarily “zero,” even for environmental amenities in
the public domain, so long as the dual set of pollution permit rights are trad-
able and sufficiently constrained in quantity to yield positive market prices.

The property-rights approach to valuation and aggregation of environmen-
tal amenities required to integrate national economic and environmental ac-
counting has certain consequences and limitations. First, since the approach
ulumately derives from the policy instrumentation of marketable pollution
permits, this means that the approach is limited to environmental applica-
tions where pollution permits and their tradability are feasible (e.g., indus-
trial pollution and other residual wastes). It may be difficult to apply this tech-
nique to household-sector sources of environmental damage and to cases
where the quantity of pollution permits are, effectively, set equal to zero. Sec-
ond, restrictions on the quantity of pollution permits are determined by pub-
lic choice of appropriate regulatory bodies, and the observed market prices
of such permits depend on the operation of the trading and arbitrage mecha-
nisms. So the estimation of the dual form of valuation weights for environ-

mental amenites is limited to how well the original public choice cum mar--
~ ket mechanisms for pollution permits works in practice. There could be
price-distorting problems of “market power,” “asymmetric information,” “non-
additivity” and “uncertainty” with respect to public choice regulations and
market transactions. These distortions will bias the dual set of valuation prices
for environmental amenities. (See also the discussion in the next section.)

But all this should be regarded in an appropriate context. The observed
market prices for economic goods and services do not always embody the
“correct” efficiency properties and are themselves often subject to some form
of public choice regulation. In any event, the observed (or sometimes im-
puted) market prices for economic goods and services and the correspond-
ingly estimated valuation weights (or prices) for environmental goods and
services should all be considered as determined simultaneously. The intro-
duction of a set of environmental policy instruments with market incentives,
then, has effects that permeate throughout the economic/environmental com-
plex. And this is as it should be! After all, our ultimate goal is to determine
whether the overall state of the economic/environmental complex is deterio-
raling or improving over time and by how much.

The preliminary proposals outlined in this section have the potential for
resolving one of the major dilemmas currently facing the field of national
environmental accounting (i.e., the value/aggregation dilemma [Norgaard
1989]). It should be clear, however, that much more work remains to be done
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in order to successfully implement our suggested resolution of the dilemma.
A possible future research agenda is outlined in the following section.

F Conclusion: Future Research Agenda

The theory and practice of the environmental policy instrument known as
“marketable pollution permits” has been kicking around the economic litera-
ture for over 20 years. In addition, we have been continually reminded that
there is no such thing (or, almost no such thing) as “free disposal.” There-
fore, can anything new be said on the subject?

[t is the view of this paper that not only can something new be said on the
subject, but also that the conventional treatments of the subject matter are
seriously incomplete. The main reason for this evaluation of the present state-
of-the-art is very simple: excessive specialization! Specialists in environmental
economic policy have overlooked environmental accounting problems at the
level of the firm (as in section C). They have virtally ignored, with one ex-
ception, the incentive property of hedging and risk diversification inherent in
the policy instrumentation of marketable pollution rights (as in section D).
Moreover, specialists in national environmental accounting do not seem to
be aware of developments in the area of micro-environmental accountability.
Nor do they build upon the opportunities presented by the special character-
istics of environmental policy instruments (as in section E).

The general purpose of this paper, then, is to provide some “missing links.”
But providing “missing links” is not an end in itself. The ultimate goal of
this paper is towards application of environmental policy: 1) improving the
statistical information base, 2) clarifying the market incentive structures, and
3) implementation of aggregated environmental indicators, all of which would
aid formulation of policy. The tasks actually accomplished by this paper, how-
ever, are very limited. It is evident that the exposition is strong on statement
of problems and weak on statement of solutions. And our statement of prob-
lems are themselves highly simplified and seriously incomplete. What pre-
cisely are some of the problems that require further examination and a future
agenda?

First, it should be clear that the three major accounting sections of the paper
are each an introduction to the problems involved. Indeed, the subject matter
of each section really requires a major paper of its own together with exten-
sive consultation with relevant Canadian institutions such as the Canadian
Institute of Chartered Accountants, Statistics Canada, and the Canadian En-
vironmental Advisory Council. It is hoped, therefore, that the paper would
stimulate a more intensive investigation of the (accounting) problems intro-
duced here.
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Second, there is a range of implied assumptions made throughout the paper
(and, in fact, in most of the environmental economic literature) that deserves
to be relaxed. One or two of the assumptions have already been mentioned in
passing. For example, marketable pollution permits and their accounting prob-
lems are largely restricted to the business sector and, partly, to the govern-
ment sector of the economy. s there an analogous policy instrument applica-
ble to the household-sector sources of environmental deterioration? A suitably
modified “deposit-refund system” with tradable refund rights may be such
an instrument, but the subject requires investigation (see, for example, Bohm
[1982]). A case may also be made for tradable “vouchers” (after their initial
distribution to householders) and tradable rights to “separate facilities” to over-
come environmental problems of congestion (as argued by Mishan [1967]).
Leasing rights and franchise rights are already tradable. It would be impor-
tant to have such an extension of the analysis so that the overall system of
marketable pollution rights, as utilized in section E of this paper, would be
truly “comprehensive” (i.e., a mutually exclusive and exhaustive system of
coverage).

There is, however, another set of “hidden” assumptions that must be ex-
posed. The economic-theoretical apparatus underlying marketable pollution
rights and their economic accounting counterparts have two built-in supposi-
tions: 1) strictly linear (or additive) environmental impacts with respect to
each pollutant and 2) non-interacting and separable environmental impacts
between different pollutants.” It is also implicitly assumed that environmen-
tal impacts are smoothly continuous and not subject to discrete “jumps” and
severe “thresholds.”8

Herein lies the conventional world of economics and its assumptions. But
this is not the natural environmental world of chemistry and ecology. The
relaxation of these “hidden assumptions” would extremely complicate the
problem of identifying valuation aggregated indicators of environmental
amenities as proposed in the previous section E. In effect, the valuation weights
would no longer guarantee the cost-efficiency and decentralized market
incentive-compatibility properties originally described in sections B and D
and implicitly utilized in section E of this paper. Even the existence of na-
tionally organized commodity exchange markets for pollution permits would
not resolve the “aggregation” problem in an optimal manner.

It is very difficult at the present time for economics and accounting (and
their corresponding institutions) to simulate chemical and ecological impacts
and interactions stemming from multiple sources of different pollutants. Nor
will this research task be attempted here. The proposals contained in this paper
could be regarded as a first approximation towards the real world of environ-
mental complexity. There is no reason, however, why economists should be
excessively modest about their proposals so long as the limitations are
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recognized and opportunities for future progress are not neglected. Consider,
for example, the following quotation from a leading ecologist, Kay [1991] at
a recent symposium organized by the Canadian Environmental Advisory
Council (CEAC):

The subject of this paper is indicators of ecological sustainability . . . an appre-
ciation of the state of ecology is required. Ecology as a science is at a formative
stage, in much the same state as physics at the time of Galileo. We await the
insight of a Newton. There is little consensus in theoretical ecology about what
the important characteristics of ecosystems are.

It would appear, then, that the two fields of economics and ecology could
benefit from mutual research cooperation. Some concrete recommendations
along these lines were, in fact, made at the recent CEAC symposium. All
this is very much in the spirit of John Dales’ original conception some 25 years
ago and the ultimate inspiration of the present paper.’




Notes

1 The two descriptions with regard to “resource economics” and “‘environmental
economics” should be understood as brief introductory statements to the con-
cerns of this paper.

2  This is not an academic question, but a problem that turned up very recently
with respect to accounting rules imposed on public utilities that ban them from
seeking a capital gain on their investments; see The Economist [1992].

3 The subject matter is sometimes discussed in the accounting literature under the
name ‘‘corporate social accounting,” examples of which can be found in Ross
(1985] and Estes [1986].

4 A good introduction to the business accounting issues with respect to portfolio
investments, options, futures and swaps can be found in Skinner [1987, Chap-
ter 16].

5 Areviewer of this paper has remarked that the use of the “duality” notion could
be musleading; a more adequate notion might be “complementarity.” So some
readers might prefer to think in terms of complementarity between “amenity
rights” and “pollution rights” rather than their duality.

6  Ina perfect market equilibrium, the two sets of prices (pollution rights and amenity
rights prices) would be the same, assuming that the implicit objective functions
for the two institutional set-ups are identical.

7  These supposjtions are also exposed in Bohm and Russell [1985}, using a rela-
tively simple framework.

8 A reviewer has also pointed out the problem of the “dynamics of aggregate cu-
mulative impact” and the associated limits of strictly static methods with respect
to environmental concems.

9  One should note, in this respect, the existence of the Journal of the International
Society for Ecological Economics.
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